Glutamine stimulates argininosuccinate synthetase gene expression through cytosolic O-glycosylation of Sp1 in Caco-2 cells.
Glutamine stimulates the expression of the argininosuccinate synthetase (ASS) gene at both the level of enzyme activity and mRNA in Caco-2 cells. Searching to identify the pathway involved, we observed that (i) the stimulating effect of glutamine was totally mimicked by glucosamine addition, and (ii) its effect but not that of glucosamine was totally blocked by 6-diazo-5-oxo-l-norleucine (DON), an inhibitor of amidotransferases, suggesting that the metabolism of glutamine to glucosamine 6-phosphate was required. Moreover, run-on assays revealed that glucosamine was acting at a transcriptional level. Because three functional GC boxes were identified on the ASS gene promoter (Anderson, G. M., and Freytag, S. O. (1991) Mol. Cell Biol. 11, 1935-1943), the potential involvement of Sp1 family members was studied. Electrophoretic mobility shift assays using either the Sp1 consensus sequence or an appropriate fragment of the ASS promoter sequence as a probe demonstrated that both glutamine and glucosamine increased Sp1 DNA binding. Immunoprecipitation-Western blot experiments demonstrated that both compounds increased O-glycosylation of Sp1 leading to its translocation into nucleus. Again, the effect of glutamine on Sp1 was inhibited by the addition of DON but not of glucosamine. Taken together, the results clearly demonstrate that the metabolism of glutamine through the hexosamine pathway leads to the cytosolic O-glycosylation of Sp1, which, in turn, translocates into nucleus and stimulates the ASS gene transcription. Collectively, the results constitute the first demonstration of a functional relationship between a regulating signal (glutamine), a transcription factor (Sp1), and the transcription of the ASS gene.